Medicinal properties of garlic (Allium sativum) have been widely known and used since ancient times and is probably the oldest and most consumed plant medicine known and it possesses multiple beneficial effects such as antimicrobial, hypolipidemic, antithrombotic, and antitumor activities [1] and used by different cultures. Anticancer properties of garlic were first described by Weisberger and Pensky in 1958. They reported an inhibitory effect of a garlic extract on cancer cell growth both in vitro and in vivo [2] . Medicinal properties of garlic and other representatives of the family Allium (onion, shallot), including their anticancer efficacy, have been attributed to organosulfur compounds. The different health benefits of garlic are attributed to its sulfur-containing constituents. These are classified as oil-soluble and water-soluble compounds. Oil-soluble compounds include diallyl sulfide, diallyl disulfide, and diallyl trisulfide, allyl methyl trisulfide, dithiins, and ajoene. The most important initial sulfur compound occurring in the intact garlic bulbs is alliin (Sallylcysteine sulfoxide). The whole bulbs contain also γ-glutamyl-S-allylcysteine, Smethylcysteine sulfoxide (methiin), Strans-1-propenylcysteine sulfoxide, S-2-carboxypropylglutathione and S-allylcysteine, though they are at much smaller amounts [3] . The reactions of allicin with -SH groups can yield S-allylcysteine or Sallylmercaptocysteine that are water soluble compounds [4] . Unlike oily sulfur compounds, water-soluble compounds are odorless and have more delicate and less characteristic flavor [5] . These compounds are also formed during aqueous garlic extraction, when the initial compound γ-glutamyl-S-allylcysteine is transformed into Sallylcysteine and this reaction is catalyzed by γ-glutamyltranspeptidase (γGT) (Scheme 1). S-allylcysteine along with its derivatives, S-methylcysteine and S-allylcysteine, are components of aqueous extracts of garlic and possess biological activity both in vitro and in vivo [6] . Scheme 1. Formation of water-soluble garlic-derived organosulfur compounds from γ-glutamyl-Sallylcysteine. γGT: γ-Glutamyltranspeptidase.
Intact garlic cloves contain also steroidal saponins [7] and organic selenium compounds that possess a potential anticancer efficacy [8] . The main selenium compound is γ-glutamyl-S-methylselenocysteine. Like its sulfur analog γ-glutamyl-S-allylcysteine, γ-glutamyl-S-methylselenocysteine can be transformed by γGT to other selenium derivatives, e.g., S-methylselenocysteine. Comparative studies of chemopreventive efficiency of organoselenium compounds and their sulfur analogs demonstrated that diallyl selenide was 300-fold more effective than diallyl sulfide in protecting against 7, 12-dimethylbenz[α]anthracene-induced mammary adenocarcinomas in rats [9] . It is well known that both oil-soluble and water-soluble organosulfur compounds are contained in garlic and onions. Some of these have been shown to be chemopreventive in animal models of carcinogenesis. For example, diallyl sulfide inhibits development of colon carcinomas, esophageal carcinomas, pulmonary adenomas, and forestomach tumors in rodents when administered prior to carcinogen exposure [10] [11] [12] [13] . Since then intensive laboratory and epidemiological studies have been carried out to verify chemopreventive and anticarcinogenic effects of Allium sativum, and to explain mechanisms of its action [6] . We prepared the garlic extract for the first time solely using distilled water as solvent and our study is focused on anticancer efficacy of the aqueous extract of garlic on the properly cultured cervical carcinoma (HeLa) cell line using different concentrations.
Materials and Methods

Preparation of aqueous garlic extracts (AGE)
Fresh raw garlic (Allium sativum) was purchased from local market of Kagoshima city, Japan and was identified by Professor Tsuyoshi Yoneda (Faculty of Agriculture, Kagoshima University, Japan) where its voucher specimen (No. AS0049) was deposited. Cloves from fresh raw garlic were chopped and ground and were made fine paste. Then the garlic paste was weighted and it was 200 g. That paste was soaked in 250 ml distilled water and then magnetically stirred for 3hours. Finally AGE was collected by filtration over whole day and we got AGE with a final concentration of 150mg/200mL. Thereafter AGE was kept undisturbed for further use in cancer cells.
Cell culture
HeLa cells were provide by the RIKEN BRC through the National Bio-Resource Project of the MEXT, Japan and stored in liquid N 2 to ensure the best quality. The mentioned cancer cell line was cultured in a minimum essential medium (MEM) solution with 10% newborn calf serum (NBS) in a humidified incubator with an atmosphere of 5% CO 2 in air at 37°C and the cells were plated at a concentration of about 3 × 10 5 in 60 mm Petri dishes and allowed to grow for 3 days. For HeLa cell culture, phosphate buffer saline (PBS, Invitrogen Corporation, Gibco), enzyme Trypsine-EDTA (Gibco) solution, dye trypan blue (Nacalai Tesque, Inc., Kyoto, Japan) were purchased and used. Monolayer cultures of cancer cell line (HeLa Cells) were maintained as described by Abdulla-AlMamun et al. [14] .
In vitro cytotoxicity and anticancer assay
The in vitro cytotoxicity and anti-cancer effect of AGE against the HeLa cell line was evaluated by trypan blue exclusion method [14] . Cancer cell viability was examined by treating with AGE solution for 24 h incubation in an incubator. To investigate the cytotoxicity and anticancer efficacy of AGE, one dish was used as control without garlic extract solution and the other five dishes were treated with different concentrations, like 100, 200, 300, 400 and 500 µL of AGE solution per 5 mL of MEM solution. The light power was measured by a spectro-radiometer (Model: LS-100, EKO Instrument Co. Ltd.) and the images were taken using an Olympus inverted CKX41 microscope with a numerical light field condenser (N.A.0.3),which delivers a very narrow beam of white light from tungsten lamp (6V, 30W halogen illumination) on top of the sample. A haemocytometer was used to estimate the total number of viable cells (by counting cells in the four 1 mm 2 corners of the hemacytometer) and average number of the cells per unit volume ( mL) of medium was calculated as the sum of the counted cell number/ 3 × 10 5 (Table 1 ).
Results
Numerous studies have suggested that garlic possesses anticancer activity. Garlic extracts were prepared by soaking of sliced garlic cloves in extracting solution for a specific time. Then, after separation of the solution the extract was concentrated and was used to find the cytotoxicity and cancer cell killing efficacy. We evaluated AGE cytotoxicity and anticancer efficacy against HeLa cell viability and proliferation using direct cell counts by trypan blue staining. One hundred to 500 μL of AGE significantly reduced the viability of HeLa cells (Fig. 1) . As shown in Fig. 1 , the percentage of viable cells remained more than 75% even when cells were treated with 100 μL of AGE for 24 h. But when the doses were increased, the percentages of viable cells were decreased and finally at a dose of 500 μL of AGE only 5% cells were viable. These results indicate that AGE shows significant potentiality against the viability and proliferation of cervical carcinoma cell (HeLa cell) line.
Discussion
Studies of recent years have focused on elucidation of the mechanism of biological activity of garlic. Hundreds studies were conducted both in vivo and in vitro using individual organic sulfur compounds, mostly allyl sulfides and their metabolites or watersoluble compounds, S-allylcysteine and S-allylmercaptocysteine [15] [16] [17] . Accumulating evidence indicates that various food ingredients may play an essential role in colon cancer prevention. The AGE used in this study is an extract of fresh garlic that is aged over a prolonged period and contains water-soluble allyl amino acid derivatives, which account for most of its organosulfur content, stable lipid-soluble allyl sulfides, flavonoids, saponins, and essential macro-and micronutrients [18] . Fig. 2(a)-(f) show microscopic images of HeLa cells after 24 h incubation only in MEM medium (control dish), 100, 200,300, 400 and 500 μL of AGE / 5 mL of MEM, respectively. It is obvious that AGE has a significant affect against the HeLa cell line because 95% of cancer cells were found to be dead after 24 h incubation with a dose of 500 μL of AGE / 5 mL of MEM (Fig. 1) . According to the available literature, the following mechanisms may be involved in the chemopreventive effects of organosulfur compounds: (i) Enhancement of the activity of specific mixed-function oxidases that depress the activation of carcinogens [19, 20, 21] , (ii) induction of phase II enzymes that enhance detoxification and excretion of potential carcinogens and reduction of the formation of DNA adducts [22] , (iii) increased synthesis of glutathione, an endogenous tripeptide thiol that directly protects cells from damage by free radicals and (iv) apoptosis induction in cancer cells [23] . Allicin (diallyl thiosulfinate) which is the main biologically active compound derived from garlic and easily diffuses through cell membranes, exerts its biological effects by reacting with free thiols within the cell. In living cells, reduced glutathione (GSH) is the major free thiol participating in cellular redox reactions and mixed disulfide formation. GSH is therefore the main cellular target of allicin reaction (Scheme 2) [24] . Scheme 2. Formation of S-allylmercapto-glutathione.
However, its main oxidation products, S-allylmercapto-glutathione and Sallylmercapto-cysteine, could exert their action in more remote sites within the body because they are more stable. Thiol-disulfide exchange reaction can occur between protein sulfhydryl groups and S-cysteinyl compounds from garlic, such as S-allylmercaptocysteine (reaction 1).
Allyl-SS-Cys + protein-SH
Protein-S-S-Cys + allyl-SH
It is well known that reactive oxygen species fulfill a regulatory role in the cell, while reversible S-thiolation can be considered to be a regulatory redox mechanism for cellular processes. Pinto et al. have suggested that such S-cysteinylation of signaling proteins and transcription factors may be a primary target for development of chemopreventive or therapeutic agents that stimulate pro-apoptotic proteins or inactivate oncogenic factors [25] . Through these citations, our experimental evidence proof the efficacy of garlic extract against the carcinoma cells line. Although great majority of studies devoted to anticancer action of garlic-derived organosulfur compounds were conducted in vitro but all the reports say that they used ethanol extract and the important fact that ethanol itself cytotoxic, whereas we first prepared and used the aqueous garlic extract to the best of our knowledge. Finally, our experimental results are the clear evidence of cytotoxicity that was firmly effective against the HeLa cell line.
Conclusion
We prepared aqueous garlic extract (AGE) for the first time to the best of our knowledge and the synthesized AGE showed a significant efficacy against cervical carcinoma cell (HeLa cell) line with different concentrations along with 95% cell killing potentiality in a maximum dose of 500 μL of AGE / 5ml of MEM. So, it may be concluded that AGE preserves the high potentiality against the HeLa cell line but further study is suggested to observe any adverse effect in normal cells.
